This paper intends to present a contribution to the development of techniques of decision-making in international projects of exploration and production of petroleum. A case study of the Multi-Attribute Utility Theory (MAUT) was developed and applied to define priorities among ten offshore exploration investment opportunities around the world offered to a Brazilian petroleum multinational company, according to decision-makers' preferences. The MAUT model proposed shows for the first time a combination of operational, political and technological risks, resulting in a quite complete formulation to describe quantitatively the decision-making process. It is important to emphasize that this paper presents an unpublished model to evaluate political risks whose detailed analysis is currently of extreme importance for international investments in petroleum projects.
-INTRODUCTION
In the last decade oil companies have substantially increased their level of investments in exploration and production (E&P) activities abroad. Differently from other authors who have already presented MAUT models using operational, technological and even environmental attributes to evaluate petroleum projects (Nepomuceno et al (1999) and Suslick et al (2001) ), we decided to focus our contribution on the evermore globalized international scene, where the evaluation of political risks has become even more important for company success and prosperity in international business. Regarding political risks, Petrobras faced huge problems because of political instability in Bolivia. In 2006 the Bolivian Government nationalization of the Brazilian energy company investments in this South American country represented relevant cash flow losses to Petrobras international area. If this company had used the methodology presented by this article to prioritize its investments in Bolivia, taking into consideration his political risks, Petrobras' exposition in this country would be minimized as well as its financial losses.
Competitiveness and also possibilities of partnerships stimulate companies to adopt more advanced quantitative techniques in their decision-making process to reduce risks and uncertainties in oil exploration and production investments.
Traditional methods of economic-financial analysis are based on the Discounted Cash Flow (DCF). For economic analysis of projects that only present deterministic variables, methodologies such as Net Present Value (NPV) are strongly recommended. However, in analysis of investments where random events presenting relevant uncertainties regarding future results exist, DCF methods should not be applied as the sole decision-making technique. They have to be supported by more refined decision analysis tools, such as the Decision Theory.
Although the basic concepts of Decision Theory were already formulated over 300 years ago, it was only in the seventies that Newendorp (1996) started to directly apply them in oil exploration and production investment analysis. The criteria used to select the best strategy in projects presenting uncertainties should not be the maximization of NPV; the recommended method should instead be the one that maximizes Expected Monetary Value (EMV), which is given by the following formula:
where, NPV s fi Net Present Value of the Success; p s fi Probability of Success; NPV f fi Net Present Value of the Failure; and p f fi Probability of Failure. The major limitation of the EMV methodology is that it does not consider the organization's degree of exposure to risk of losses. It is necessary to make use of an analytical tool capable of maintaining the mathematical determinism of the EMV maximization criteria, but also to consider the decision-makers' behavior in relation to financial risk. This tool is the Utility Theory.
-UTILITY THEORY
The publications of Newendorp (1996) , Walls (1995) and Nepomuceno et al (1999) show that the oil industry already uses these risk techniques for evaluating petroleum exploration and production investment projects. Behind the application of this Theory lies an analysis of human behavior in relation to risk, as possibly being risk-averse, risk-neutral or risk-seeking.
Traditionally, oil companies have great financial capacity to support losses, though they normally have less exploratory capital than available potential prospects, which results in a certain level of risk-aversion due to budgetary limitations.
The best decision to be made in investments under risk and uncertainty is defined with the aid of the utility-function through the Utility Expected Value (UEV) maximization criteria.
The Utility Expected Value of a project is given by:
For a certain person or organization the same preference or utility exists between receiving a financial amount, representing the Certain Equivalent (CEq) value, and participating in an uncertain and risky event.
The previous definition makes the UEV maximization possible through CEq utility maximization, or simply by CEq maximization.
Multi-Attribute Utility Theory (MAUT) is nothing but Utility Theory applied to decision processes that often consider conflicting multiple criteria. It defines a multiattribute utility-function consisting of individual utility-functions.
This possibility of defining the utility-functions of each attribute and then consolidate them into one multi-attribute function makes the modeling easier. However, it is mandatory to follow the MAUT strict theoretical axioms during this process (Keeney and Raiffa, 1976 ).
-ATTRIBUTE SELECTION
A decision to invest the capital of a Brazilian multinational oil company in international offshore prospects is subject to a joint analysis not only of the conditions offered at the moment of contracting the project, but mainly of the future perspectives, which includes an important evaluation of financial risks (Grupta et al , 2005) .
The risk of financial losses in international offshore exploration and production investments is related to operational, political and technological aspects. They can be considered more or less important according to the decision-maker personal behavior -an extremely subjective factor that can be captured by the MAUT.
-Operational Risk
Financial risks associated with petroleum exploration and production activities are closely linked to the considerable possibility of losses related to investments made in searching for new oil reserves.
In the oil exploration and production industry most companies experience some degree of difficulty in accurately determining their utility-function. In accordance with Cozzolino (1977) , most of them are unaware of their function. Studying the decisionmaking process among executives of the main multinational oil companies, Walls (1995) obtained the following exponential utility-function for these companies: (5) x fi monetary value; and c fi operational risk aversion coefficient.
By applying utility-function -equation (5) -to a definition in which Certain Equivalent utility corresponds to Utility Expected Value (UEV), as shown in equation (3) , it is possible to obtain the Certain Equivalent of upstream petroleum projects (Cozzolino, 1980) , already considering the optimum participation level (pl) in those joint-venture projects.
(6)
-Political Risk
Economic globalization has led to greater concern with political risk, because political interference can result in considerable financial losses for multinational petroleum companies. The widespread international integration of production activities and company strategies, and the increasing effort to understand national politics, as well as economic and social dynamics, made important to consider all of these processes in global investment analysis. Stability, transparency and credibility in contractual and regulatory relations are basic for foreign investment attractiveness, mainly because investments in petroleum E&P activities are huge and have a long maturation period.
The political risk analysis of the case study, which will be presented in this article, uses the most up-to-date information regarding realities in each of the countries where fictitious petroleum exploration opportunities are being offered to a Brazilian multinational oil company. To face political risks with a sufficiently integrated and multidimensional approach, the case study will consider the balance of the following variables:
• Evaluation based on information and indicators considering countries' political, economic, social and commercial/market aspects, as obtained from the CIA's official publication (The World Factbook, 2007).
• Countries classifications regarding corruption perceptions by the NGO "International Transparency" (Lambsdorff, 2007) ; and • Countries credit risk classification by an international rating agency (Alacrastore, 2007).
-Technological risk
Some prospects demand great technological innovations to make their production feasible. However, many oil companies decide to face an enormous technological challenge, which is represented by technological risk, motivated by a long term objective of competitive differentiation. For example, an innovative oil production technology in deep waters can make other much more income-producing exploratory opportunities economically possible, when they were not viable previously.
It is necessary to leave behind the narrow mentality according to which technological development initiatives are simply expenditures or expenses, and start to visualize them as investments. Currently it is possible to verify partnerships among several Brazilian research centers and CENPES (Petrobras Research Center) in a constant search for project yield increments in order to obtain technological breakthroughs resulting from innovations in deep water oil production financed by Petrobras or the Brazilian Government through the CTPETRO (National Fund for Innovation in Oil, Gas and Petrochemical), and managed by FINEP -Funding Authority for Studies and Projects.
Despite the awareness that remaining world oil reserves will be found in places evermore difficult to access and at ever greater depths, most oil entrepreneurs still do not consider the influence of a technological component when making decisions on resource allocations, due to difficulties in measuring technological development benefits.
In an attempt at solving this problem, Suslick et al (2001) examined a new resource allocation optimization model for E&P petroleum companies by considering the depth and water blade under which a possible reservoir exists as good indicators for assessing the amount of possible technological developments to be required. Financial profits related to these technological variables are related to reductions of investment expenditures and operational costs, and to improvements of oil production and proven reserves.
They assume that one S curve graphically represents the technological variable utility-function for petroleum sector entrepreneurs willing to consider utility of technological advances in their decision-making processes.
We also presented the formula (7) for the technological utility-function U tec granting equal weight to water blade (wb) and reservoir depth (rd) utilities. 
-CASE STUDY
In this case study, the MAUT was applied in the prioritization of international offshore exploration and oil production joint-venture projects presented to a Brazilian multinational company. The optimum participation level at every exploratory basin was determined, initially with exclusive analysis of operational risk, and afterward by introducing cumulative evaluation of political and technological risks. The analysis sought for the optimization of a system with the following objectives:
• To maximize financial returns related to operational characteristics, represented basically by Net Present Value (NPV), and by exploratory success probability (p); • To minimize financial losses related to political aspects; and • To maximize the possibility of technological advances in deep water oil production. Available operational information from Braspetro (Petrobras International) were used for defining the internationalization strategy of the company used as an example, the size and the volume of fictitious corporation reserves and also the countries where there are hypothetical investment opportunities.
The decision-makers have considered independence of utility and also additional independence attributes -main MAUT requirements for the secure application of the multi-attribute utility-function additive form, in which there is no relation between the attributes. The modeling process of the MAUT presented in this work is supported by a rigid axiomatic structure, also known as elicitation. During the eighties, Walls et al (1996) carried out an empirical study on the world's 18 biggest oil companies, verifying that the latter usually show tolerance to an operational risk (T) equal to a quarter of annual exploratory capital (K), expressed in millions of dollars. As annual exploratory capital of the fictitious company is US$ 400 million, its operational risk aversion coefficient (c) is equal to:
-Operational Risk
The Certain Equivalent and optimum participation level of each national project was calculated, as shown below for the Angolan project.
By applying equation (9) to participation levels in a 10% interval, it was possible to build the graph in Figure 1 , which graphically defines a participation level (pl) maximizing the Certain Equivalent (CEq). It is important to mention that during a bid of exploration opportunities it is not very common to achieve the optimum participation level (pl) defined by the model as the one that maximizes the financial returns of each project; because there are other competitors defending their own particular objectives. Nevertheless, this model consider that the Brazilian fictitious company is able to acquire the desired optimum participation levels in each of the exploration opportunities, by the accomplishment of ideal joint-ventures, i.e., partnerships in which the other companies agree in making complementary investments.
It should be mentioned that all utilities presented in this paper have been normalized on a scale from 0 (zero) to 1 (one).
Operational Utility Expected Value (UEV op ) for each joint-venture project was obtained from Certain Equivalent through equation (10) , mathematically demonstrated in Appendix 1. (10) Another form by which to obtain the UEV for each project, by a direct approach without presenting the Certain Equivalent of each, is through equation (11) . The first parcel of this equation shows the exploratory success probability (p) and associated financial return (NPV), while the second demonstrates the project failure possibility (1-p) with incurred costs (-C).
(11)
Optimum participation level, or the one that optimizes decision-makers UEV op , was defined. The results that followed are presented in the two graphs below. 
-Political Risk
The results of the political risk evaluation based on information and indicators, as presented in Table 3 on a scale from 0 to 100 -where 0 represents minimum risk and 100 maximum risk -, were divided in into four categories: political, economic, commercial/market and social, and considered by decision-makers with equal importance in each country. Table 4 . consolidates results obtained for each of five analyzed factors, with adequate weights, and also presents the final political risk of each of the national projects. The authors considered that the greater the control of the media in a certain country and the smaller the experience of multinational oil companies in the region, the greater the importance given to the perception of local reality by company executives and the smaller the weight given to evaluations of information and indicators.
The company utility-function was the most frequently used by petroleum decisionmakers around the world. Moreover, the political risk aversion coefficient is twice as great as the operational one. For the fictitious company used in this case study, a situation of local government intervention in its activity is twice as feared as an exploratory failure motivated by operational variables.
Political risk utility, whose attainment can be seen in Appendix 2, is presented below: Multi-attribute modeling was applied, which made possible the integration of individual perceptions of each attribute in only one mathematical equation. Beforehand, it was necessary for decision-makers to express the relative importance given to two attributes considered up to the present moment, which are operational and political risks. Equation (13) considers the operational variable through the utility of investment Net Present Value (NPV), obtained similarly to CEq utility represented by equation (10) , and the political variable, through the national Political Risk (PR) utility result.
In the definition of two scale constants k op and k pol , which assume values from 0 to 1 and when added are equal to a unit, the same number of indifference situations for decision-makers should be searched for, i.e. situations in which they are equally satisfied by two presented business opportunities. The result was that, between the biggest NPV of Nigerian project and a lesser political risk in Argentina for its multinational company, both were considered equally preferable: The following system of two equations and two unknown variables was obtained:
The attainment of UEV op, pol in each project considering all operational and political risks was possible through application of equation (14). (14) Then the global Expected Value of operational and political utilities was optimized for decision-makers. This defines the optimum participation level in each joint-venture project, as shown in the two graphs below. 
-Technological Risk
The results of the technological development utility are presented in Table 7 Introducing technological variables requires entrepreneurs, now owning larger amounts of information, to express their preference again. New tradeoffs are more complex, because they deal not only with operational and political factors, but technological ones as well.
In the new series of interviews, decision-makers revealed indifference to projects whether they were in Nigeria, Argentina or Kazakhstan. The following system of three equations and three unknown variables was obtained:
UEV op, pol, tec for each national project, considering all operational, political and technological risks, with their relative importance, is given by equation (16): (16) Subsequent to the multi-attribute utility-function definition, the analyst must identify the consistency of values found for the relative importance of each attribute. This phase tries to verify whether the equation is really reproducing decision-makers' preferences. If not, the whole process must be revised and the utility-function reformulated.
Two graphs below demonstrate how the expected value optimization occurred. They consider the operational, political and technological utility for decision-makers in each of the joint-venture projects analyzed. The results of the MAUT model as shown in Table 8 recommend a low optimum participation level on projects, ranging from 10% to 50%. It is naturally explained by the risk-aversion behavior of the decision-makers in international E&P projects. The investors tend to look for partnerships with local oil companies so as to reduce their exposition to the multiples risks identified in these projects of long maturation period. The table above shows how the projects classification changed as the attributes were introduced in the analysis. The most drastic ranking modifications can be noticed in project located in politically, economically and socially stable nations, such as Canada, United Kingdom and United States of America. It is important to mention that the prioritization of projects with a low political risk was a decision made by the executives of the fictitious petroleum company, who gave a considerable importance to the political risk compared to operational and technological issues, i.e., approximately 18%.
The authors are convinced that the use of the modeling when presented to real oil executives in true exploratory projects considerably contributes to enriching their decision-making processes, thereby allowing them to rank projects in accordance with their preferences. But this case study presented the operational, technological, market, and strategic financial information of a fictitious company, with exploratory basin opportunities and decision-makers that were also not real. That is why one must be sufficiently aware that, according to these fictitious information and results, it is not possible to reach real conclusions about the best countries in which to explore oil nowadays, because this depends on the behavior of each investor.
-CONCLUSION
This paper's key contribution lies in its presentation of the framework to improve the quality of investment decisions in petroleum exploration, giving particular importance to the consideration of political risks in international projects. The proposed model enables the decision-maker to consider explicitly three major objectives when evaluating new petroleum ventures -financial, technological and political gain. The Multi-Attribute Utility Theory (MAUT) provides a logical mean of decision for conflicting objectives. Differently from previous authors, this paper has also developed an authentic political risk evaluation process for international E&P projects.
The decisions taken by the case study's investors were elaborated in a way to make clear that political risks are becoming even more important in their decision-making processes -materialized by the relative importance of 18% accorded to political risks in our MAUT model. As expected, political risks caused huge changes in national projects prioritization due to their financial impacts. This kind of risk is very expensive to mitigate. It can be done either by political risk insurances or by social, environmental and educational programs that enable the company to be closer to the local community and to national public institutions.
One conclusion is that E&P oil investment prioritization requires the participation of a multidisciplinary group to consider all aspects that can influence international exploratory project cash flow generation positively or negatively in the future.
The MAUT selection as the theoretical basis for the modeling of international petroleum E&P investments has been made because the application of this theory is highly recommended when there are conflicting objectives. The oil & gas investors usually face situations in which they need to establish trade-offs. They desist of an investment with excellent operational conditions so as to reduce their exposition to political risks -as happened in the case study when the decision makers prioritized the British and not the Nigerian one.
The great advantage of the quantitative tool application presented in this paper is that a prioritization decision on one joint-venture project in contrast to others is not presented intuitively as a "black box", but is supported by robust and transparent mathematical modeling that presents a chain of logical and rational premises, and decision-maker preferences regarding each of the attributes considered during the process.
All utility-functions presented in this article were obtained by specialists who consider them as those that best represent the behavior of most oil companies in their decision-making processes. Companies prove to be more or less inclined on an individual basis to face risks associated with any of the given uncertainty variables shown in the model. Therefore, this paper shows that Multi-Attribute Utility Theory can be applied to real and complex petroleum market conditions. In it, joint-venture projects have to be selected by decision-makers based on their pros and cons in a coherent, rational and less instinctive form, so that the chosen ones provide an optimization of the global objectives of companies.
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Appendix 1
Mathematical demonstration of equation (10), which is the utility-function of the Certain Equivalent (CEq): 
